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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/EP00/01458 



I. Basis f th r p rt 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally fifed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1-17 as originally filed 

Claims, No.: 

1 -9 as originally filed 

Drawings, sheets: 

1/3-3/3 as originally filed 

Sequence listing part of the description, pages: 

1-3, as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 
El filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 



Form PCT/IPEA/409 (Boxes l-Vlll, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EP00/01 458 



□ 



the description, 
the claims, 
the drawings, 



pages: 
Nos.: 



□ 



□ 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
K claims Nos. 6-7. 



H the said international application, or the said claims Nos. 6-7 relate to the following subject matter which does 
not require an international preliminary examination {specity): 
see separate sheet 

□ the description, claims or drawings {indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because: 
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1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-9 



Inventive step (IS) 



Yes: 



Claims 



No: Claims 1-9 

Industrial applicability (IA) Yes: Claims 1-5,8-9 

No: Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re It m III 

Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

Industrial applicability (Art. 33(4) PCT) 

For the assessment of the present claims 6-7 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. 
Consequently, under the provision of Rule 67.1(iv) PCT, no statement with regard to 
industrial applicability of said claims will be made (Article 34(4)(a)(i) PCT). 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1: WO 99 14326 A (STROOBANT VINCENT ;HEIRMAN CARLO (BE); CHAUX 
PASCAL (BE); CORTHALS) 25 March 1999 (1999-03-25) 

D2: CHAUX P ET AL: 'IDENTIFICATION OF MAGE-3 EPITOPES PRESENTED BY 
HLA-DR MOLECULES TO CD4+ T LYMPHOCYTES' JOURNAL OF 
EXPERIMENTAL MEDICINE,JP,TOKY01 , vol. 189, no. 5, 1 March 1999 (1999- 
03-01), pages 767-777, ISSN: 0022-1007 

D3: WO 95 19783 A (CELIS ESTEBAN ;GREY HOWARD M (US); CYTEL CORP 
(US); KUBO RALPH T () 27 July 1995 (1995-07-27) 

D4: WO 95 19783 A (CELIS ESTEBAN ;GREY HOWARD M (US); CYTEL CORP 
(US); KUBO RALPH T () 27 July 1995 (1995-07-27) 



1 . Novelty (Art. 33(2) PCT) 

The opinion has been established under the assumption of valid priority rights. 
Should this however not be the case, the document D2 and D3 cited in the ISR as 
P-document might become important. 
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The present application deals with 15 residues long peptides which are binding MHC 
class II molecules. 

Only shorter MAGE-3 peptides have been described in D3 and D4 (peptides up to 
10 or eleven residues long). The peptides in D3 and D4 elicit an immune response 
via their binding to MHC class I molecules. 

Thus, this peptide selection appears to be novel over the available prior art. 

2. Inventive step (Art. 33(3) PCT) 

The application relates to peptides derived from the protein MAGE-3, 
pharmaceuticals compositions containing them and the use thereof for inducing an 
immune response against tumors. 

D3 deals with peptides based on epitopes derived from the product of the tumor 
associated gene MAGE-3. Compared to the present application, the peptides in D3 
are only 9-residue epitopes of MAGE-3, but these peptides appear to induce CTL 
response that kill melanoma and other tumor cell lines. 

The problem to be solved by the present invention may therefore be regarded as the 
provision of alternative peptides derived from MAGE-3 and capable of inducing an 
immune response against tumors. 

From the table 3 in D3 (page 35), it appears that the 9-residues epitope EVDPIGHLY 
derived from MAGE-3 is the highest MHC binder. This peptide is able to elicit CTL 
in one of the blood donor in D3 (page 33, line 1-14). 

Part of the typical signature of the D3 peptide is found in the peptide of claim 1 
(EVDPIGHL for peptide (f) and PIGHLY for the peptide (g)). 

The same observation can be made in D4. An 1 1 residues and 10 residues peptide 
derived from MAGE3 (D4, Table 12) are comprised in two sequences of claim 1 . The 
D4 peptide (MAGE3[1 1 195 ]) is contained in the sequence of claim 1h) and the D4 
peptide (MAGE3[10 112 ]) is contained in the sequence of claim 1 b). 

Thus, it appears from D3 and D4 that several portions of MAGE-3 were clearly 
identified as potential epitopes for inducing an immune response against tumor. The 
size difference between the peptides binding to class I or II molecules is known. The 
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man skilled in the art willing to solve the technical problem could choose a range of 
longer peptides (such as 15 residues long, in order to target MHC class II molecules) 
comprising the portions of MAGE-3 already identified in D3 or D4 as eliciting an 
immune response against tumor. The choice and testing of longer MAGE-3 peptides 
(15 residues in the present case) compatible with MHC class II binding, compared 
to the 4, 5 or 6 residues shorter peptides described in the prior art D3 and D4 does 
not appear to involve an inventive step. The compositions comprising peptides and 
their use for the preparation of medicaments or vaccine are routine methods in the 
field. Therefore, in absence of evidence showing unknown or unexpected effects or 
properties of presently claimed peptides, the presence of an inventive step cannot 
be acknowledged. Consequently, the subject-matter of claims 1-9 does not satisfy 
the criterion set forth in Article 33(3) PCT. 

Re Item VIII 

Certain observations on the international application 

1 . The composition of claim 4 is "further comprising one or more peptides binding MHC 
class I molecules". Due to the broad range of the MHC class I binding peptides such 
a definition might be unclear or open to interpretation. If this technical feature is 
essential to elicit an effective immune response, the choice of these additional 
peptides should be clearly defined to avoid any undue burden to the skilled person 
willing to perform the invention. 
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WO 00/52045 PCT/EP00/01458 

MAGE- 3 DERIVED IMMUNOGENIC PEPTIDES PRESENTED BY MHC OF 
CLASS II AND THE USE THEREOF 

The present invention relates to peptides derived from 
MAGE- 3 protein and to the use thereof as immunostimulants , 
specifically as agents capable of stimulating the CD4 + T 
cell immune response. 
5 The importance of CD4 + T lymphocytes in ant i- tumor 

immunity has been clearly demonstrated in animal models. 
CD4 + T cells exert helper activity for the induction and 
maintenance of anti-tumor CD8 + T cells (Greenberg, P.D. # 
1991,. Adv. Immunol. 49:281-355; Chen, P., et al . , 1993, J. 

10 Immunol. 151:244-255; Mandelboim, O., et al . , 1995, . Nat. 
Med. 1:1179-1183 ; Mayordomo, J.I., et al . , 1995, Nat. Med. 
1:1297-1302; Bellone, M., et al . , 1997,. J. Immunol. 
158:783-789; Ostrand-Rosemberg , S-, et al . , 1990,. J. 
Immunol. 144:4068-4071; James, R., et al . , 1991, Immunology 

15 72:213-218), but they may also have an effector function 
either by indirect mechanism against MHC class II negative 
tumors, via macrophages activation, or by direct mechanism 
against MHC class II positive tumors. 

Recently, the requirement of cognate CD4 + T cell help 
2 0 for optimal induction of ant i- tumor CD8 + CTL was 
demonstrated (Ossendorp, F., et al . 1998! J. Exp. Med. 
187:693-702). In humans, evidence for a role of CD4 + T 
cells in anti-tumor immunity comes from the study of tumor 
infiltrating lymphocytes, which revealed the presence of 
25 both CD8 + and CD4 + T cells at the tumor site (Goedegebuure , 
P.S., et al . 1995. Immunol- Res. 14:119-131; Maccalli, C, 
et al. 1994. Int. J. Cancer 57:56-62), and from the 
detection in the sera of neoplastic patients of antibodies 
directed against tumor antigens (Sahin U. et al . , 1997, 
30 Curr. Opin. Immunol. 9:709-716). However, in recent years 
research on the T cell immunity against human tumors has 
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focused mainly on identification of CD8 + HLA class I 
restricted CTL, responses. For example, WO 95/19783 
discloses MAGE- 3 derived peptides capable of binding to MHC 
class I molecules, such as the allele HLA-A1 . Such peptides 
5 usually have a number of residues ranging from 8 to 10 
amino acids. 

To date tyrosinase, a tissue-specific antigen 
expressed in normal and neoplastic cells of melanocytic 
lineage (Topalian, S.L., et al . 1994. Proc . Natl. Acad. 

10 Sci. USA 91:9461-9465.; Yee, C, et al . 1996. J. Immunol. 

157:4079-4086), is the only melanoma associated antigen 
demonstrated as a specific target for CD4 + melanoma 
reactive T cells and for which CD4 + T cell epitopes have 
been identified (Topalian, S.L., et al . 1996. J. Exp. Med. 

15 183:1965-1971). WO 97/11669 (Topalian et al . ) reports that 
peptides from this antigen are recognized in association 
with MHC class II molecules. 

Characterization of the CD4 + T cell epitope repertoire 
on other tumor associated antigens, expecially those that 

2 0 are tumor- specif ic and shared among tumors of several 

histotypes (Van den Eynde , B.J., et al . 1997. Immunol. 
Today 9:684-693), would contribute decisively to improve 
the efficacy of peptide-based immunization protocols in 
neoplastic patients . 
25 The family of MAGE genes ("Melanoma Associated 

Antigen") consists of about 12 members which are expressed 
in various types of tumors. MAGE- 3 is a tumor-specific 
antigen encoded by a gene expressed in a high proportion of 
melanomas and in several other tumor histotypes (head and 

3 0 neck squamous cell carcinomas, bladder carcinomas, lung 

carcinomas and sarcomas) and not in normal tissues, with 
the exception of testis and placenta (Van den Eynde, B.J., 
et al. 1997. Immunol. Today 9:684-693). CD8 + CTL from 
melanoma patients recognize HLA class I restricted MAGE- 3 
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epitopes (Van den Eynde, B.J., et al . 1997. Immunol. Today 
9:684-693), and clinical trials with synthetic peptides 
corresponding to HLA-A1 and/or -A2 MAGE- 3 binding sequences 
are ongoing in patients affected by melanoma and other 
5 neoplastic diseases (Van den Eynde , B.J., et al . 1997. 
Immunol. Today 9:684-693). 

According to a first aspect, the invention relates to 
MAGE- 3 derived immunogenic peptides capable of binding to 
MHC class II molecules. Such peptides have length from 12 

10 to 15 residues and correspond to MAGE- 3 fragments 
(according to the amino acid sequence reported in Gaugler 
B. et al . 1994, J. Exp. Med. 179, 921-930) 21-35, 111-125, 
161-175, 251-265, 286-300, preferably 141-155, 146-160, 
156-170, more preferably 171-185, 191-205 and 281-295. The 

15 corresponding amino acid sequences are reported in SEQ ID 
No. 1-11. 

The peptides of the invention are characterized by 
promiscuous binding to different alleles of MHC class II 
molecules, such characteristic being advantageous in that 
2 0 one same peptide can be recognized by a wider patient 
population . 

In an in vitro binding assay, the peptides of the 
invention proved capable of binding different purified 
molecules belonging to widespread HLA-DR alleles, and of 

25 inducing activation of CD4 + cells. More particularly, it 
has been observed that stimulation with the peptides of the 
invention induces a remarkable proliferation of CD4 + T 
cells and of their cytolytic activity. CD4+ T cells exposed 
to such peptides were able to cause lysis of melanoma cells 

30 expressing the MAGE -3 protein and the HLA-DR molecules. 

Details of such experimental evidence are reported in the 
examples . 

The peptides are preferably prepared synthetically, 
for example according to the procedures described in 
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Merrifield, (1986) Science 232:341-347, and Barany and 
Merrifield, The Peptides, Gross and Meienhofer, eds (N.Y., 
Academic Press), pp. 1-284 (1979). The synthesis can be 
carried out in solution or in solid phase or with an 
5 automatized synthesizer (Stewart and Young, Solid Phase 
Peptide Synthesis, 2nd ed. , Rockford 111., Pierce Chemical 
Co. (1984) . Alternatively, the recombinant DNA technology 
can be used, or the peptides can be prepared starting from 
the natural protein by fragmentation or enzymatic 

10 digestion. Furthermore, the amino acid residues can be 
replaced, preferably conservatively, by other residues of 
L- or D- amino acids, or added to the disclosed peptides, 
or they can be chemically modified, for example by 
amidation of the terminal carboxylic group or by binding 

15 with lipophilic groups (e.g. myristyl) , or by glycosylat ion 
or conjugations with other peptides, to obtain more 
favourable properties, such as higher affinity to the MHC 
molecule, higher immunogenicity , better selectivity in 
inducing the immune response or higher bioavailability 

2 0 after administration. The peptides of the invention can 
also be chemically derivatized at the side chains which are 
therefore modified. For example, free carboxylic groups can 
be derivatized to form salts, methyl- and ethyl- esters or 
other types of esters or hydrazides. 

25 The peptides of the invention can also be conjugated 

with known epitopes, for example with epitopes binding HLA 
molecules of class I, in order to induce a more complete 
spectrum of responses, of both the cytotoxic and helper 
type, and to enhance the response against the tumour. 

30 The provision of new epitopes from an antigen not 

significantly expressed in normal tissues, such as MAGE - 3 , 
would allow to prepare vaccines for use in immunotherapy of 
patients with tumors expressing the same antigen. 
Furthermore, the CD4 + T cells response induced by the 
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epitopes is strenghtened in that those cells, in addition 
to an intrinsic cytotoxic activity, exhibit also helper 
activity through the stimulation and proliferation of other 
T cells, such as CD8 + T cells, as well as through 
5 macrophages activation. 

Therefore, according to a further aspect, the 
invention provides pharmaceutical compositions containing 
an effective amount of a peptide of the invention, 
optionally in combination with other known peptides binding 

10 MHC class I molecules and corresponding to CD8 + T cell 
epitopes, such as the peptides described in W095/19783. In 
addition to the active ingredients , the compositions will 
contain pharmaceutically acceptable excipients. "Effective 
amount" herein means a sufficient amount to activate 

15 specific lymphocytes and induce an effective response 
against the tumor. Such an amount will depend on the 
peptide used, the administration, the severity of the 
disease to be treated and the general conditions of the 
patient and will usually range from 1 to 50 /ig/ml, for 

20 example in case of peptides being loaded on dendritic 
cells . 

According to a preferred embodiment, such compositions 
will be used for the preventive vaccination of patients 
with predisposition to neoplasias or in the therapeutical 

25 vaccination of neoplastic patients. "Vaccination" herein 
means both active immunization, i.e. the in vivo 
administration of the peptides to elicit an ±n vivo immune 
response directly in the patient, as in conventional 
vaccination protocols, for example against pathogens, and 

30 passive immunization, i.e. the use of the peptides to 
activate in vitro anti -tumor CD4 + cells, which are 
subsequently re-inoculated into the patient. 

The techniques for the preparation and the use of 
vaccines are known to those skilled in the art and are 
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described, per example, in Paul, Fundamental Immunology, 
Raven Press, New York (1989) or Cryz, S. J., Immunotherapy 
and Vaccines, VCH Verlagsgesselschaf t (1991) . Vaccines are 
conventionally prepared in the form of injectables, 
5 suspensions or solutions, but they can also be used in the 
form of solid preparations or liposomes. The immunogenic 
ingredients can be mixed with pharmacologically acceptable 
excipients, such as emulsifiers, buffering agents and 
adjuvants which increase the efficacy of the vaccine. The 

10 latter can be administered according to single or multiple 
dosage schedule. Multiple dose provides 1 to 10 separate 
doses, each containing a quantity of antigen varying from 1 
/xg to 1000 /xg, followed by further doses at subsequent time 
intervals, necessary to maintain or to reinforce the immune 

15 response and, if required by the subject, a further dose 
after several months. In any case, the treatment regimen 
will depend on the response elicited in the treated 
patient, general conditions and progress of the tumor. 

In a further aspect, the invention provides a method 

2 0 for inducing an immune response against tumor cells 

expressing a MAGE- 3 antigen which comprises incubating APC 
cells (Antigen Presenting Cells) with the peptides of the 
invention in conditions suitable for the activation of 
effectors T CD4 + . 
25 Such conditions comprise loading autologous APC with 

the peptides and the subsequent exposure to purified T 
CD4 + lymphocites . Suitable APC cells are autologous 
peripheral blood mononuclear cells (PBMC) , dendritic cells, 
macrophages or activated B cells. The peptides are added to 

3 0 an APC culture for a sufficient time to obtain the 

peptide/APC binding, and subsequently a cell population 
containing CD4 + CTLs is added, thereby causing activation 
and proliferation of CTLs. According to a preferred 
embodiment, T cells are taken from the treated patient and 
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optionally purified, then, after activation as described 
above and expansion in suitable culture medium, they are 
reintroduced in the same patient. Culture media can contain 
one or more cytokines ' (such as IL-2 or T-cell Growth 
5 Factor) which contribute to the expansion of CD4 + 
precursors . 

In a preferred embodiment, cells playing an important 
role in the induction of the immune response, such as APC, 
dendritic cells etc., are genetically engineered with 

10 vectors encoding the peptides of the invention (for example 
viral or retroviral vectors, such as those from adenovirus 
or lentivirus or MLV) . Furthermore, the peptides can also 
be fused with a suitable protein carrier, to have a 
satisfactory processing and expression at the cell surface. 

15 Accordingly, the DNA encoding for the epitopes of the 
invention, may be inserted in a suitable expression vector, 
under the control of a suitable viral promoter, such as CMV 
or SV40, when a very efficient expression is required, or 
an. inducible promoter such as that controlled by ecdysone . 

2 0 The epitopes herein referred correspond to the nucleotide 
fragments listed in the following Table 1, according to the 
(human) MAGE- 3 gene sequence deposited at GenBank under the 
accession number U03735: 
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a a 


Zvm"i no z$ r* *i f"^ corn i^T-ir^o 


iM X, 










5 


XXX X ^ 


PTCVZl'FT A7TTFT.T T.TTVP 
vrtxjxj v nr xjxjxjIvx rv 






141-1 

X X X — * -J 








14 6-1 60 

IT U x O v 


FPPVTPQO cfc CT.nT 
r f r viro i\ad 0 oxj^ ju 






X 3 O X / U 


OCT CSX \TT?CZ TPT MT^m 
0 0 xj^xj V r olfj J_il v liii V U 


zr iu-zy /4 




X O X X / z> 


v r \j x XL J_ii v ii_j vuri Unij 




1 0 


171-185 


P I GHLY I FATCLGLS 


2975-3019 




191-205 


GDNQIMPKAGLLI IV 


3035-3079 




251-265 


VQENYLE YRQ PVGS D 


3215-3259 




281-295 


TS YVKVLHHMVKI SG 


3305-3349 




286-300 


VL.HHMVKI SGGPHI s 


3320-3364 


15 


The invention also relates to antibodies, 


fragments 



derivatives thereof, directed to the above described 
peptides. The general methodology for producing antibodies 
is well known and is disclosed per example in Kohler and 
Milstein, 1975, Nature 256, 494 or in J.G.R. Hurrel , 

20 Monoclonal Hybridoma Antibodies: Techniques and 

Applications, CRC Press Inc., Boco Raron, FL (1982). The 
antibodies can be polyclonal or, preferably, monoclonal, or 
antibody fragments like be F(ab t )2 / Fab, Fv or scFv. 

Still a further aspect of the invention is a method 

25 for monitoring the frequency and the expansion of specific 
precursors for the peptides or the complete MAGE -3 protein, 
in neoplastic patients subject to active vaccination, by 
the ELISPOT technique (Herr, W. Et al . , 1997, J . Immunol. 
Methods 203:141-52) or by cytof luorimetric analysis using 

30 tetramers consisting of tetrameric soluble molecules 
avidin-biotin-MHC class II, pulsed with the relevant 
peptide (Yee, C. et al . 1999, J. Immunol. 162:2227-2234). 
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Description of the Figures 
Fig, l: Proliferative activity of CD4 * T cells challenged 
with the MAGE -3 Pool, tested in 2-d microprolif eration 
assays . 

5 The data are representative of (n=x) experiments, and 

are means of triplicate determinat ions ± SD . Panel A 
(n=6) : responses to MAGE- 3 Pool (0.01, 0.5, 0.1, 0.5, 1 and 
5 pg/ml) . Panel B (n=3) : responses to recombinant MAGE- 3 
protein (5, 10 and 20 /zg/ml) . Panel C (n=7) : responses to 

0 the individual synthetic peptides forming the MAGE- 3 Pool 
(10 /ig/ml) at different weeks of propagation. The blank 
(i.e. the basal level of proliferation of CD4 + T cells in 
the presence of APC only) was subtracted and was as 
follows: 2 weeks: 30,866^1,115; 4 weeks: 7,106^,201; and 6 

5 weeks: 21, 838^,767. Asterisks indi cate responses 
significantly higher than the blanks (*, P<0.001 and ** 
P<0.025, as determined by unpaired, one-tailed Student's t 
test) . Panel D (n=5) : response to MAGE -3 Pool (5 fxg/ml) (a) 
and to peptide corresponding to sequence 281-295 (b) , in 

0 the presence of different doses of L243 mAb (0.25 and 0.5 
ptg/ml) . The blank was 1,251^44, the proliferation of CD4 + 
T cells in the presence of MAGE -3 pool was 28,191^373, and 
the proliferation in the presence of sequence 281-295 was 
22, 504^141. 

5 £icb 2: Cyto lytic activity of MAGE -3 specific CD4 + T cells. 

The data are representative of (n=x) experiments, and 
are means of triplicate determinat ions^D . Panel A (n=6) : 
lytic activity against different HLA-DR matched and 
unmatched melanoma cells. HLA-DR types of CD4 + T cells and 

0 melanomas are indicated at the bottom along with their 
symbols . 

Fic T - 3: CD4± T cells recognize MAGE - 3 (281-295) in 

association with HLA-DR11 on OI TC cells. 

The data are representative of (n=x) experiments, and 
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are means of triplicate determinations— SD . Panel A (n=3) : 
lytic activity of CD4 + CTL against LCL alone or LCL pulsed 
with MAGE-3 141 _ 154 , MAGE-3 146 _ 16Q and MAGE-3 281 . 2 95 ■ Panel 
B (n=3) : cold target inhibition experiments. Cold targets 
5 [OI TC (circles) and LCL pulsed with MAGE " 3 281-295 

(squares)] were used to inhibit the lytic activity of MAGE- 
3 specific CD4 + CTL against hot 01 TC (E/T ratio was 40:1). 
Percentage of specific lysis against OI TC cells in the 
absence of cold targets was 26—1.2%. 
10 For the abbreviations of HLA phenotypes and of cell 

lines see Example 4. 

The following examples illustrate the invention in 
greater detail. 

EXAMPLES 

15 Example 1 

DR-Peptide binding assay. 

Peptide interactions with detergent -solubilized DR 
molecules were measured using an ELISA-based high-flux 
competition assay (Radrizzani, L., et al . 1997. J. Immunol. 

20 159:703-711). HLA-DR molecules were isolated from the 
following human lymphoblastoid cell lines (LCL) : DR1 
(DRB1*0101) from HOM-2, DR3 (DRB1*0301) from WT49, DR4 
(DRB1*0401) from PREISS, DR5 (DRB1*1101) from SWEIG, DR7 
(DRB1*0701) from EKR, and DR8 (DRB1*0801) from BM9 . DR2 

25 (DRB1*1501) was isolated from the L cell transfectant 

L466.1. The molecules were affinity purified using the mAb 
1-1C4 (Cammarota, G., et al . 1992. Nature 356:799-801), as 
described in (Sinigaglia, F . , et al . 1992. Methods Enzymol . 
203:370-386). Peptide competition assay was conducted to 

30 measure the ability of unlabeled peptides to compete with a 
biotinylated indicator peptide for binding to purified DR 
molecules. The following biotinylated indicator peptides 
were used: GFKA ? for DR1 and DR7 ; GIRA 2 YA 4 for DR2 ; LAYDA 5 
for DR3; UD4 for DR4 (Hammer, J., et al . 19 95. J. Exp. Med. 
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181:1847-1855); TT 830-843 for DR5 ; and GYRAgL for DR8 . The 
biotinylated indicator peptide and HLA-DR molecules were 
incubated with 10-fold dilutions (0.001-100 mM) of the 
unlabeled competitor peptides (peptides corresponding to 
the MAGE- 3 predicted sequences) . To determine peptide 
binding affinity, the promiscuous HA3 07 _ 319 peptide from 
influenza hemagglutinin (Roche, P. A., et al . 1990. J. 
Immunol. 144:184 9-1856) was included in each competition 
assay. The relative binding data of the unlabeled 
competitor peptides were expressed as inhibitory 
concentration (IC 50 ) : i.e. the concentration of competitor 
peptide required to inhibit 50% of binding of the 
biotinylated indicator peptide. 

The results of the binding assay are reported in the 
following Table 2. 
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Example 2 

Peptide synthesis . 

Peptides were synthetized on a 9050 Millipore 
synthesizer (Millipore Volketswil, Switzerland) . The 
5 purity of the peptides was evaluated by RP-HPLC and 
electron spray mass spectrometry. Synthetic peptides 
were lyophilized and then reconstituted in DMSO at 2 
mg/ml concentration and diluted in PBS as needed. 
Example 3 

10 Propagation of CD4 ± T cells and proliferation assay. 

The synthetic peptides corresponding to the MAGE- 3 
sequences most promiscuous (141, 155, 146-160, 156-170, 
171-185, 281-295) for HLA-DR binding (see Tables 1 and 
2) were pooled (MAGE- 3 Pool) and used to stimulate the 

15 PBMC of an healthy donor whose HLA type, identified by 
standard serologic typing, is: Al , A2/B41, B52/DR11, as 
described in Protti, M.P., et al . 1990. J. Immunol. 
144:1711-1720. Briefly, 20xl0 6 PBMC were cultivated for 
7 days in RPMI 1460 (GIBCO, Grand Island, NY) 

20 supplemented with 10% heat inactivated human serum 
(Technogenetics, Milan, Italy) , 2mM 1-glutamine, 100 
U/ml penicillin, 50 fig/ml streptomycin (Biowhittaker , 
Walkersville, MD) (TCM) containing the MAGE -3 Pool (1 
Mg/ml of each peptide) . The reactive lymphoblasts were 

25 isolated on a Percoll gradient (Protti, M.P., et al . 

1990. J. Immunol. 144:1711-172 0), further expanded in T 
cell growth factor (Lymphocult, Biotest Diagnostic Inc., 
Dreieich, West Germany) and restimulated at weekly 
intervals with the same amount of antigen plus 

30 irradiated (4000 rad) autologous PBMC as APC . 

In the proliferation assay CD4 + T cells and 
autologous irradiated PBMC were diluted in TCM to 
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2xl0 5 /ml and 2xl0 6 /ml / respectively and plated in 
triplicate in 96 round-bottom well plates (100 /zl of 
CD4 + T cells and 100 /il of APC) . The cells were 
stimulated with different concentrations of MAGE- 3 pool 
5 (0.05, 0.1, 0.5, 1 and 5 /ig/ml), each peptide (10 //g/ml) 

and different concentrations of rMAGE-3 protein (5, 10 
and 20 jug/ml) . Triplicate wells with CD4 + T cells alone 
and APC alone were used as controls. Three wells with 
CD4 + T cells plus APC did not receive any stimulus to 
10 determine the basal growth rate (blank) . In inhibition 
experiments different concentrations of mAb L243 or an 
isotype matched irrelevant mAb (0.25 and 0.5 ^g/ml) were 
added in triplicate wells of CD4 + cells plus APC 
stimulated with MAGE -3 pool (5 fig/ml ) or MAGE-3 2 81 _ 2 95 
15 (10 A*g/ml) . After three days the cultures were pulsed 

for 16 h with [ 3 H]TdR (l mCi , well, 6.7 Ci/mol, Amersham 
Corp., Milan, Italy). The cells were collected with a 
Skatron Titertek multiple harvester (Skatron Inc., 
Sterling, VA) and the thymidine incorporated was 
20 measured in a liquid scintillation counter. 

T cells were 94% CD4 + after 1 week of culture and 
could be propagated in long term culture by weekly 
restimulation with the MAGE -3 Pool in the presence of 
autologous irradiated PBMC . In microprolif erat ion assays 
25 (Fig. 1) the cells responded vigorously to the MAGE -3 

Pool (Panel A), even at low concentrations (100-500 
ng/ml) . Reactivity to the individual peptides forming 
the pool was also periodically investigated (Panel C) : 
the CD4 + T cells predominantly recognized the peptide 
corresponding to MAGE -3 2 8i-295 and ' although to a much 
lower extent, the peptides corresponding to the 
overlapping sequences MAG E-3 141 _ 154 and MAGE-3 146 _ 16Q . 



30 
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Reactivity to MAGE ~ 3 281-295 increased during the 
propagation of the line (Panel C) . The proliferative 
activity of CD4 + T cells in the presence of MAGE -3 Pool 
(Panel Da) or MAGE-3 281 _ 295 (Panel Db) was inhibited by 
5 addition in culture of different concentrations of L243 
mAb (Panel D) , demonstrating that the recognition of 
MAGE-3 sequences was HLA-DR restricted. 

The HLA-DR11+ PBMC from the healthy donor were also 
stimulated with a second pool of synthetic peptides 

10 corresponding to the MAGE-3 sequences 21-35, 111-125, 
161-175, 191-205, 251-265 and 286-300. The CD4 + T cells 
proliferated in a dose dependent manner to different 
concentrations of the MAGE-3 pool II, and the study of 
the epitope repertoire of the MAGE-3 specific CD4 + T 

15 cells showed recognition of sequences MAGE ~ 3 m_i25' 
MAGE-3 161 _ 175 and predominantly MAGE-3 191 _ 205 . 

Furthermore, MAGE-3 specific CD4 + T cells from a 
melanoma patient, whose HLA-DR type is HLA-DR4 /DR1 1 , 
recognized the sequences MAGE-3 141 „ 155 / MAGE-3-, 46 _ 160 , 

20 MAGE-3 156 „ 17Q/ MAGE - 3 171-185 and MAGE " 3 281-295 - The 

study of the restriction element showed that all 
sequences were recognized in association with the HLA- 
DR4 allele, demonstrating that sequences 141-155, 146- 
160 and 281-295 are presented to CD4 + T cells in 

25 association at least with two different alleles (HLA- 
DR11 and HLA-DR 4) . 
Example 4 

Cytotoxicity assay 

CD4 + T cells were tested for specific lytic 
30 activity in a standard 4-h 51 Cr release assay as 
described in Protti, M.P., et al . 1996. Cancer Res. 
56:1210-1213. The following targets were used: melanoma 
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cells (SK-Mel 28, HT144, OI TC described in Imro, M.A., 
et al . 1998. Hum. Gene Ther. 9:1335-1344 and MD TC 
established in our laboratory from a cutaneous 
metastasis), and LCL. The HLA-DR type of target cells, 
5 identified by molecular or serologic typing, was: SK-Mel 
28 (DR*04*13) , HT144 (DR*04*07), 01 TC (DR*01*11), MD TC 
(DR*04*11), LCL (DR11) . In cold target competition 
assays, unlabeled target cells (cold targets) were 
seeded in plates at serial ratios of hot-to-cold target 

10 cells. Effector CD4 + T* cells and 51 Cr-labeled target 
cells (hot targets) were then added, and cytotoxicity 
assessed as described above. Percentage inhibition was 
calculated as follows: 

[(% specific lysis without cold target -% specific 

15 lysis with cold target) /(% specific lysis without cold 
target) ] xlOO . 

CD4 + T cells showed cytolytic activity against OI 
TC and MD TC which express the HLA-DR1 1 restricting 
allele, while they did not kill SK-Mel 28 and HT144 

20 which express unrelated HLA-DR alleles (Figure 2a) . To 
verify whether the cytolytic CD4 + T cells recognized 
HLA-DR11 restricted MAGE- 3 epitopes on melanoma cells, 
first was tested their lytic activity against HLA-DR11"*" 
LCL unpulsed, or pulsed with the synthetic peptides 

25 recognized in microprolif erat ion assays. LCL pulsed with 
MAGE-3 281 _ 295 were strongly recognized by the CD4* T 
cells, while no killing activity against LCL unpulsed or 
pulsed with MAGE " 3 i4i-i54 and MAGE-3 146 _ 160 was 
detectable (Figure 3a) . Subsequently, cold target 

30 inhibition experiments were performed which showed that 
the lytic activity of CD4 + T cells against OI TC was 
inhibited by the addition of LCL pulsed with MAGE-3 ?ft1 _ 
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295 (Figure 3b) , demonstrating that this sequence is 
indeed presented by HLA-DR11 on the OI TC melanoma 
cells. These results further demonstrate that MAGE-3 281 _ 
295 is naturally processed and forms a cytotoxic CD4 + T 
cell epitope. 

CD4 + T cells specific for sequence MAGE- 3 igi „ 2 05 
also showed cytolytic activity against MAGE- 3 /HLA-DR11+ 
melanoma cells and cold/target inhibition experiments 
showed that the sequence 191-205 was indeed recognized 
at the surface of the melanoma cells in association with 
the HLA-DR11 allele and therefore this epitope is 
naturally processed. 

In the case of the patient, the CD4 + T cells showed 
cytolytic activity against the autologous tumor that 
expresses the MAGE- 3 antigen, and against the SK-Mel 28 
melanoma cells that express the antigen and the HLA-DR4 
retriction allele, while they did not kill melanoma 
cells expressing the MAGE -3 protein but an unrelated 
HLA-DR allele. 
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CLAIMS 



1. Peptides binding MHC class II molecules selected 
from the group consisting of: 



a) 


EALGLVGAQAPATEE 


b) 


RKVAELVHFLLLKYR 


c) 


GNWQYFFPVI FS KAS. 


d) 


FFPVIFSKASSSLQL 


p ) 

c / 


CCT AT A7"Pr , TTTT MT?\7T^ 
o o J_i v j-j V r \j X lli-Ljl v lil( VU 


f ) 


VGF I ELMEVDP I GHL> 


g) 


P I GHLY I FATCLGLS 


h) 


GDNQIMPKAGLLIIV 


i) 


VQENYLEYRQVPGSD 


j) 


TS YVKVLHHMVKI SG 


k) 


VLHHMVKISGGPHIS 


Monoclonal or 


polyclonal antibodies directed to 



peptides of claim l. 

3. A pharmaceutical composition comprising an 
effective amount of a peptide of claim 1 together with 

20 pharmaceutically acceptable excipients . 

4. A composition as claimed in claim 3, further 
comprising one or more peptides binding MHC class I 
molecules corresponding to CTL CD8 + epitopes. 

5. A composition as claimed in claims 3 and 4, for use 
25 as a vaccine. 

6 . A method for inducing an immune response against 
tumor cells expressing a MAGE -3 antigen, which method 
comprises contacting APC cells with the peptides of 
claim 1 in suitable conditions for the activation of 
30 effector CD4 + T cells. 

7. A method as claimed in claim 6, wherein autologous 
APC are loaded with the peptides and subsequently 



WO 00/52045 




PCT/EPOO/01458 



19 

contacted with purified CD4 + lymphocytes. 

8. The use of the peptides of claim 1 for the 
preparation of an anti -tumor medicament. 

9. The use as claimed in claim 8, wherein said 
medicament is a vaccine. 
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<110> FOND AZ I ONE CENTRO SAN RAFFAELE DEL MONTE TABOR 

<12 0> MAGE -3 DERIVED IMMUNOGENIC PEPTIDES PRESENTED BY MHC OF 
CLASS II AND THE USE THEREOF 

<130> SAN RAFFAELE 

<140> 
<141> 

<160> 11 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 1 

Glu Ala Leu Gly Leu Val Gly Ala Gin Ala Pro Ala Thr Glu Glu 
1 5 10 15 



<210> 2 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 2 

Arg Lys Val Ala Glu Leu Val His Phe Leu Leu Leu Lys Tyr Arg 
15 10 15 



<210> 3 

<211> 15 

<212> PRT 

<213> HUMAN 

<400> 3 

Gly Asn Trp Gin Tyr Phe Phe Pro Val lie Phe Ser Lys Ala Ser 
1 5 10 15 
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<210> 4 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 4 

Phe Phe Pro Val lie Phe Ser Lys Ala Ser Ser Ser Leu Gin Leu 
1 5 10 15 



<210> 5 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 5 

Ser Ser Leu Gin Leu Val Phe Gly lie Glu Leu Met Glu Val Asp 
15 10 15 



<210> 6 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 6 

Val Phe Gly lie Glu Leu Met Glu Val Asp Pro lie Gly His Leu 
15 10 15 



<210> 7 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 7 

Pro lie Gly His Leu Tyr lie Phe Ala Thr Cys Leu Gly Leu Ser 
15 10 15 



<210> 8 
<211> 15 
<212> PRT 
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<400> 8 

Gly Asp Asn Gin lie Met Pro Lys Ala Gly Leu Leu He He Val 
15 10 15 



<210> 9 
<211> 15 
<212> PRT 
<213> HUMAN 

<400> 9 

Val Gin Glu Asn Tyr Leu Glu Tyr Arg Gin Pro Val Gly Ser Asp 
15 10 15 



<210> 10 
<211> 15 
<212> PRT 
<213> HUMAN 



<400> 10 

Thr Ser Tyr Val Lys Val Leu His His Met Val Lys He Ser Gly 
15 10 15 



<210> 11 
<211> 15 
<212> PRT 
<213> HUMAN 



<400> 11 

Val Leu His His Met Val Lys He Ser Gly Gly Pro His He Ser 
15 10 15 
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